The prophylactic effects of the polymethoxyflavones (PMFs) in long-leaf orange peel oil (OPO) were determined using an N ω -nitro-L-arginine-induced hypertensive rat model. The OPO contained eight PMF components, namely sinensetin, hexamethoxyflavone, tetramethyl-Oisoscutellarein, nobiletin, tetramethyl-O-scutellarein, heptamethoxyflavone, 5-demethylnobiletin and tangeretin. After treatment with OPO, the SP (systolic pressure) and DP (diastolic pressure) in hypertensive rats were reduced. The NO (nitric oxide) contents in serum, heart, liver and kidney of OPO-treated N ω -nitro-L-arginine (L-NNA)-induced hypertensive rats were higher than those in untreated hypertensive rats, but the MDA (malondialdehyde) contents in OPO-treated rats were lower than those of the control rats (untreated hypertensive rats). ET-1 (endothelin-1), VEGF (vascular endothelial growth factor) and E-selectin serum levels in hypertensive rats could be reduced, but the CGRP (calcium gene-related peptide) level could be increased by OPO treatment. The results of the qPCR assay showed that OPO upregulated HO-1 (heme oxygenase-1), nNOS (neuronal nitric oxide synthase) and eNOS (endothelial nitric oxide synthase) mRNA expression and downregulated ADM (adrenomedullin), RAMP2 (receptor activity modifying protein 2) and iNOS (inducible nitric oxide synthase) expression in hypertensive rats. The Western blot results also proved that OPO upregulated nNOS and eNOS protein expression and downregulated iNOS expression in hypertensive rats. Based on this study, we could conclude that OPO showed good antihypertensive effects, and the effect was concentration dependent.
Introduction
The flavonoids in citrus fruits are a major class of secondary metabolites that have significant biological activities. While the exact roles of these stress response and defensive compounds in plant China. This cultivar was approved by the Crop Variety Approval Committee of Chongqing in 2014 as having excellent potential for both fresh eating and juice processing.
The orange peel oil was obtained by using a cold-pressing method mechanically similar to that used in industry. The fruit flavedo layer was manually peeled and extracted using a household squeezer. The aqueous peel oil emulsion was collected and quickly centrifuged at 12,000 rpm at 4 • C for 10 min. The upper-most oil layer was then collected into large 50-mL tapered centrifuge tubes and frozen at −80 • C for two weeks to remove residual water. Anhydrous orange peel oil (OPO) was stored at 4 • C until subsequent sample preparation, chromatographic analysis and animal experiments.
HPLC-grade standards of nine polymethoxyflavones (PMFs) were used to identify the constituents. Isosinensetin, tetramethyl-O-isoscutellarein, tetramethyl-O-scutellarein, heptamethoxyflavone and 5-demethylnobiletin were purchased from Yuanye Biotech (Shanghai, China); tangeretin was purchased from ChromaDex (Irvine, CA, USA); sinensetin and nobiletin were purchased from Toronto Research Chemicals (Toronto, ON, Canada); and 3,5,6,7,3 ,4 -hexamethoxyflavone was purchased from Purify Tech Co. Ltd. (Chengdu, China). Stock solutions were prepared of the individual standard at concentrations of approximately 1 mg Ml −1 in methanol and stored at −20 • C. All reference standards were analyzed by employing a Thermo Ultimate 3000 HPLC with a Thermo Quantiva triple quadrupole electrospray ionization tandem mass spectrometer; the results showed that the purities of the stock solutions were all ≥98%. The stock solution of every standard compound was diluted in series so the calibration equation could be determined.
A GC-grade D-limonene reference standard was purchased from Toronto Research Chemicals (Toronto, ON, Canada), and its purity was found to be ≥95% using an Agilent 7890B GC equipped with an MS detector.
HPLC-grade acetonitrile, methanol, hexane and tetrahydrofuran (THF) were purchased from Honeywell (Morris Plains, NJ, USA). Analytical-grade phosphoric acid was purchased from Kelong Co. (Chengdu, Sichuan, China). Water was freshly purified using a Milli-Q plus Advantage A10 system (Molsheim, France).
HPLC Analysis of the Polymethoxyflavones in OPO
Five microliters of orange peel oil were dissolved in 995 µL of methanol to generate the HPLC sample, and the injection volume was 2 µL. An Agilent Poroshell EC-C8 column (i.d. 4.6 × 150 mm, 2.7 µm particle) was used with an Agilent 1260 Infinity chromatography system. The system consisted of a G1311B quaternary pump, a G1329B auto sampler, a G1316A thermostated column compartment and a G1315D diode array detector (DAD). The solvent consisted of 0.05% phosphoric acid/water (A), methanol (B) and 50% THF/water (C), and the flow rate was 1 mL min −1 . The solvent program consisted of the following linear gradients after a 0-5.00 min isocratic period, 52% B and 7.5% C; 5.01-7.50 min: 58-62% B and 0% C; 7.50-10.00 min: 62-100% B and 0% C; and 10.01-35.00 min: 52% B and 7.5% C to re-establish the initial conditions. The unlisted percentages of eluent were solvent A. The column temperature was maintained at 30 • C. The diode array detector was set to scan from 190-400 nm. The bandwidth and slit were set at 4 nm; the response time was 2.0 s; and the sampling frequency was 2.5 Hz. To identify the constituents, ultraviolet (UV) absorbance data and retention times of the sample peaks were compared with those of standards. The standard calibration equations were employed to quantify the identified PMF compounds.
GC-MS Analysis of D-Limonene in OPO
A microliter of OPO was dissolved in hexane to prepare 1 mL of sample solution (1000 × diluted). The qualitative and semi-quantitative determinations of OPO D-limonene were made using an Agilent model 5977A MSD mass spectrometer (MS) with a 7693A autosampler and a Model 7890B gas chromatograph (GC) equipped with a 30 m × 0. 25 were both kept at 230 • C; the quadrupole was kept at 150 • C. Mass spectra were collected from m/z 30-400. Compounds were identified using the NIST14 library (NIST, Gaithersburg, MD, USA), as well as by comparing the mass spectra and retention times with those of the D-limonene reference standard.
Animal Experiments
Sixty male Sprague-Dawley (SD) rats, which were 6 weeks of age and had bodyweights of 165 ± 10 g, were purchased from the Experimental Animal Center of Chongqing Medical University (Chongqing, China). The rats were fed in a pathogen-free animal house (temperature 25 ± 2 • C, relative humidity 50% ± 5%; a 12-h light/dark cycle, SCXK (Yu) 2012-0001, Chongqing, China). These rats were averagely divided into six groups for the experiment, i.e., the normal group, control group, orange peel oil-low (OPO-L) group, orange peel oil-high (OPO-H) group, limonene group and captopril group. Rats were housed two per cage, and the pair of rats both belonged to the same test group. Prior to beginning the experiments, the animals were allowed 7 days to acclimatize to the sphygmomanometric procedures.
Rats in the normal group were fed a commercial diet and had access to tap water, and they were not given any drug. The rats of other groups were treated with 700 mg/kg L-NNA (N ω -nitro-L-arginine, Shanghai Gold Wheat Biological Technology Co. Ltd., Shanghai, China) by gavage for 61 days. Every day starting at the beginning of the seventh day, 5 mL/kg and 10 mL/kg doses of orange peel oil were feed via gavage to rats in the OPO-L and OPO-H groups, respectively ( Figure 1 ). Ten milliliters per kilogram bodyweight of food-grade limonene (Citrosuco, Matão, SP, Brazil) were fed to each rat in the limonene group, whereas 15.6 mg captopril/kg (Sigma, St. Louis, MO, USA) were fed by gavage to each rat in the captopril group [19] . 
Sixty male Sprague-Dawley (SD) rats, which were 6 weeks of age and had bodyweights of 165 ± 10 g, were purchased from the Experimental Animal Center of Chongqing Medical University (Chongqing, China). The rats were fed in a pathogen-free animal house (temperature 25 ± 2 °C, relative humidity 50% ± 5%; a 12-h light/dark cycle, SCXK (Yu) 2012-0001, Chongqing, China). These rats were averagely divided into six groups for the experiment, i.e., the normal group, control group, orange peel oil-low (OPO-L) group, orange peel oil-high (OPO-H) group, limonene group and captopril group. Rats were housed two per cage, and the pair of rats both belonged to the same test group. Prior to beginning the experiments, the animals were allowed 7 days to acclimatize to the sphygmomanometric procedures.
Rats in the normal group were fed a commercial diet and had access to tap water, and they were not given any drug. The rats of other groups were treated with 700 mg/kg L-NNA (N ω -nitro-L-arginine, Shanghai Gold Wheat Biological Technology Co. Ltd., Shanghai, China) by gavage for 61 days. Every day starting at the beginning of the seventh day, 5 mL/kg and 10 mL/kg doses of orange peel oil were feed via gavage to rats in the OPO-L and OPO-H groups, respectively ( Figure 1 ). Ten milliliters per kilogram bodyweight of food-grade limonene (Citrosuco, Matão, SP, Brazil) were fed to each rat in the limonene group, whereas 15.6 mg captopril/kg (Sigma, St. Louis, MO, USA) were fed by gavage to each rat in the captopril group [19] . On every third day, bodyweight and water-intake were recorded. After treatment with L-NNA at approximately 6 p.m., a 60 min buffer period was given to allow the possible elevation of blood pressure that was agitated by gavage to subside (a pilot study was applied to the rats, and the result showed that blood pressure calmed down normally in approximately 0.5 h; data not shown). Then, systolic and diastolic pressure were recorded by the tail-cuff method using a BP-100A auto-sphygmomanometric system (Techman Soft Inc., Chengdu, China). The operational principle and data profile are shown in Figure 1 . At least four consecutive cycles (inflation/deflation) were performed on each rat, and the mean of the last four recordings among which there was a difference of less than a 10-mmHg was accepted. Then, all rats were sacrificed using CO2; the heart, liver, kidney, stomach and blood vessel tissue and blood were collected. These experiments followed a protocol approved by the Animal Ethics Committee of Chongqing Medical University (Chongqing, China).
Serum Level Assay
After the blood was taken, the blood was solidified for 1 h-2 h at 37 °C. Then, the blood was centrifuged at 3000 rpm for 10 min, the serum separated and the insoluble matter discarded. Finally, the serum levels of ET-1 (No. H093), CGRP (No. H217), VEGF (H044), E-selectin (H029), NO On every third day, bodyweight and water-intake were recorded. After treatment with L-NNA at approximately 6 p.m., a 60 min buffer period was given to allow the possible elevation of blood pressure that was agitated by gavage to subside (a pilot study was applied to the rats, and the result showed that blood pressure calmed down normally in approximately 0.5 h; data not shown). Then, systolic and diastolic pressure were recorded by the tail-cuff method using a BP-100A auto-sphygmomanometric system (Techman Soft Inc., Chengdu, China). The operational principle and data profile are shown in Figure 1 . At least four consecutive cycles (inflation/deflation) were performed on each rat, and the mean of the last four recordings among which there was a difference of less than a 10-mmHg was accepted. Then, all rats were sacrificed using CO 2 ; the heart, liver, kidney, stomach and blood vessel tissue and blood were collected. These experiments followed a protocol approved by the Animal Ethics Committee of Chongqing Medical University (Chongqing, China).
After the blood was taken, the blood was solidified for 1 h-2 h at 37 • C. Then, the blood was centrifuged at 3000 rpm for 10 min, the serum separated and the insoluble matter discarded. Finally, the serum levels of ET-1 (No. H093), CGRP (No. H217), VEGF (H044), E-selectin (H029), NO (A012-1) and MDA (A003-1) were determined using the corresponding kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China).
Tissue Level Assay
Tissue samples (1.0 g) were removed and rinsed in saline. The blood was removed, and the tissue was broken down into 10% tissue homogenates at 10,000 r/min. The NO and MDA contents were determined using the corresponding kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China).
Real-Time Quantitative PCR Assay
The colon tissues of the rats were disrupted, and then, the total RNA of the colon tissue was extracted with RNAzol. The total RNA content extracted was diluted to 1 µg/µL. A 5-µL aliquot of the diluted total RNA extracting solution was used to obtain the cDNA template according to the manufacturer's instructions of the reverse transcription kit. A 2-µL aliquot of the cDNA template was mixed with 10 µL of SYBR Green PCR Master Mix and 1 µL of each of the upstream and downstream primers ( [19] . 
Western Blot Assay
Approximately 0.5 g of colonic tissue were used to produce 1 mL of cell lysate from each rat. Briefly, the tissues were homogenized and then centrifuged at 1200 rpm at 4 • C, and the supernatant was collected and stored at −80 • C until analysis. A protein standard curve was generated to determine the protein concentration in each sample according to the instructions of the BCA Protein Concentration Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). Approximately 150 µg of protein were mixed with twice that volume of buffer solution, and this solution was subjected to 12% SDS-PAGE (Thermo Fisher Scientific) gel electrophoresis at 140 V for 2 h. The resolved proteins were then transferred onto a PVDF membrane (Thermo Fisher Scientific) at 4 • C, 100 mA, for 1 h and then blocked using 5% skim milk at 25 • C with shaking for 1 h. After incubating overnight at 4 • C, the membranes were washed with TBST three times for 10 min each. Then, the membranes were incubated at 25 • C for 2 h with a secondary antibody (Thermo Fisher Scientific) and then washed three times with TBST for 10 min each. Finally, the grey values of the groups were compared [19] .
Statistical Analysis
The data were expressed as the mean ± the standard (SD) deviation. The significant differences (p < 0.05) in the data from different groups were calculated using Duncan's multiple range test using SAS Version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results

Polymethoxyflavones and D-Limonene Contents in Orange Peel Oil
Cold-pressed citrus peel oil mainly consists of volatile terpenoids and non-volatile components. The terpenoids generally do not absorb UV light; therefore, they cannot be determined by HPLC-UV, but they are suitable for GC-MS analysis. In contrast, the non-volatile compounds, like polymethoxyflavones, absorb more UV light, but they have a higher boiling point; thus, they are typically separated and analyzed using HPLC with a UV detector.
The HPLC chromatogram of the non-volatile components in long-leaf orange peel oil (OPO) is shown in Figure 2 . By comparing the retention time (Rt) and UV spectra of the oil sample ( Figure 2B ) and those of the mixed standards (Figure 2A ), eight polymethoxyflavones (Compounds 2-9) were identified in the OPO. The small peak at 3.2 min ( Figure 2B ) was confirmed to not be isosinensetin (1) because its Rt was slightly later than the corresponding standard peak (3.0 min), and their 210-400-nm UV spectra were different, as shown above each chromatogram. The total ion current (TIC) obtained from GC-MS analysis of the volatile components in OPO is shown in Figure 3 . The most abundant peak was identified as D-limonene. 
Statistical Analysis
Results
Polymethoxyflavones and D-Limonene Contents in Orange Peel Oil
The HPLC chromatogram of the non-volatile components in long-leaf orange peel oil (OPO) is shown in Figure 2 . By comparing the retention time (Rt) and UV spectra of the oil sample ( Figure 2B ) and those of the mixed standards (Figure 2A ), eight polymethoxyflavones (Compounds 2-9) were identified in the OPO. The small peak at 3.2 min ( Figure 2B ) was confirmed to not be isosinensetin (1) because its Rt was slightly later than the corresponding standard peak (3.0 min), and their 210-400-nm UV spectra were different, as shown above each chromatogram. The total ion current (TIC) obtained from GC-MS analysis of the volatile components in OPO is shown in Figure 3 . The most abundant peak was identified as D-limonene. The quantitative results of the PMFs and limonene are shown in Table 2 . In general, D-limonene accounts for more than 95% of the total volatiles, and it is the major component of orange peel oil; the non-volatiles, which are dissolved in limonene, consist primarily of PMFs, as these compounds account for more than 91% of the total peak area. Specifically, nobiletin and heptamethoxyflavone were the most abundant PMFs in long-leaf OPO, followed by tangeretin, tetramethyl-O-scutellarein and hexamethoxyflavone. 5-Demethylnobiletin, the 5-hydroxyl derivative of nobiletin, was the least concentrated PMF in long-leaf OPO. Figure 4 shows an example of the recorded working curves during one sphygmomanometric cycle (Day 61). The trapezoidal line segmented by Points A, B, C and D represents the inflation, static pressure, deflation and measurement and vent. The other curve shows the detected blood pressure and heart rate.
Effects of Orange Peel Oil on Blood Pressure
The changes in the SP and DP of each group are shown in Figure 5 . After treatment with L-NNA, the SP and DP of all treated groups increased; the control group, which was treated with only L-NNA, showed the highest blood pressure with an SP of 174 ± 6 mmHg and a DP of 138 ± 4 mmHg on Day 61. The untreated rats (normal group) showed the lowest blood pressures, with SPs varying from 85 ± 3-99 ± 4 and DPs varying from 53 ± 5-74 ± 4. The 10-mL/kg limonene-treated group exhibited no significant changes in SP, but the DP was 11 mmHg lower than that of the control group. In comparison, ingestion of either a low dose or high dose of OPO or a medication containing captopril (15.6 mg/kg) significantly (p < 0.05) decreased blood pressure in the corresponding groups. The OPO The quantitative results of the PMFs and limonene are shown in Table 2 . In general, D-limonene accounts for more than 95% of the total volatiles, and it is the major component of orange peel oil; the non-volatiles, which are dissolved in limonene, consist primarily of PMFs, as these compounds account for more than 91% of the total peak area. Specifically, nobiletin and heptamethoxyflavone were the most abundant PMFs in long-leaf OPO, followed by tangeretin, tetramethyl-O-scutellarein and hexamethoxyflavone. 5-Demethylnobiletin, the 5-hydroxyl derivative of nobiletin, was the least concentrated PMF in long-leaf OPO. Figure 4 shows an example of the recorded working curves during one sphygmomanometric cycle (Day 61). The trapezoidal line segmented by Points A, B, C and D represents the inflation, static pressure, deflation and measurement and vent. The other curve shows the detected blood pressure and heart rate.
The changes in the SP and DP of each group are shown in Figure 5 . After treatment with L-NNA, the SP and DP of all treated groups increased; the control group, which was treated with only L-NNA, showed the highest blood pressure with an SP of 174 ± 6 mmHg and a DP of 138 ± 4 mmHg on Day 61. The untreated rats (normal group) showed the lowest blood pressures, with SPs varying from 85 ± 3-99 ± 4 and DPs varying from 53 ± 5-74 ± 4. The 10-mL/kg limonene-treated group exhibited no significant changes in SP, but the DP was 11 mmHg lower than that of the control group. In comparison, ingestion of either a low dose or high dose of OPO or a medication containing captopril (15.6 mg/kg) significantly (p < 0.05) decreased blood pressure in the corresponding groups. The OPO high dose (10 mL/kg) treatment showed a greater reducing effect than the low dose of OPO (5 mL/kg).
At the end of the experiment (Day 61), the SP/DP of the OPO high dose group (120 ± 5/95 ± 3 mmHg) was 15/16 mmHg higher than that of the captopril-treated group, but it was 54/43 mmHg lower than that of the control group. Typical examples of the blood pressure of each group on Day 61 are also shown in detail in Figure 3 .
high dose (10 mL/kg) treatment showed a greater reducing effect than the low dose of OPO (5 mL/kg). At the end of the experiment (Day 61), the SP/DP of the OPO high dose group (120 ± 5/95 ± 3 mmHg) was 15/16 mmHg higher than that of the captopril-treated group, but it was 54/43 mmHg lower than that of the control group. Typical examples of the blood pressure of each group on Day 61 are also shown in detail in Figure 3 . peel oil low dose, 5 mL/kg bodyweight (bw); OPO-H group, orange peel oil high dose, 10 mL/kg bw; captopril group, 15.6 mg/kg bw; limonene group, 10 mL/kg bw. OPO-H, orange peel oil high dose, 10 mL/kg bw; captopril, 15.6 mg/kg bw; and limonene, 10 mL/kg bw.
Nitric Oxide Content
As shown in Table 3 , the NO contents in serum, heart, liver and kidney of rats in the normal group were the highest, and the contents in captopril-treated rats were the next lowest. The NO contents in rats in the OPO-H group were higher (p < 0.05) than those of rats in the OPO-L group, limonene group and control group. 
Malondialdehyde Content
As shown in Table 4 , the rats in the control group had the highest MDA contents, and the rats in the normal group had the lowest MDA contents. OPO-H-treated rats had lower MDA contents than OPO-L-treated rats, limonene-treated rats and rats in the control group, but the OPO-H-treated rats had higher MDA contents than captopril-treated rats and rats in the normal group. Figure 5 . Effects of orange peel oil on the SP and DP of L-NNA-induced hypertensive rats. Notes: SP, systolic pressure; DP, diastolic pressure; OPO-L, orange peel oil low dose, 5 mL/kg bodyweight (bw); OPO-H, orange peel oil high dose, 10 mL/kg bw; captopril, 15.6 mg/kg bw; and limonene, 10 mL/kg bw.
Nitric Oxide Content
Malondialdehyde Content
As shown in Table 4 , the rats in the control group had the highest MDA contents, and the rats in the normal group had the lowest MDA contents. OPO-H-treated rats had lower MDA contents than OPO-L-treated rats, limonene-treated rats and rats in the control group, but the OPO-H-treated rats had higher MDA contents than captopril-treated rats and rats in the normal group. 
Serum Levels of ET-1, CGRP, VEGF and E-Selectin
As shown in Table 5 , the rats in the normal group had the highest CGRP levels and the lowest ET-1, VEGF and E-selectin levels, and the levels of these compounds in captopril-treated rats were similar to those of the rats in the normal group; there were no significant differences (p > 0.05) between these values in the two groups of rats. Meanwhile, the CGRP levels in OPO-H-treated rats were higher than those in the OPO-L-treated rats, the limonene-treated rats and the rats in the control group; the ET-1, VEGF, E-selectin levels in OPO-H-treated rats were similar to those of the captopril-treated rats, but lower than those of the rats in the OPO-L, limonene and control groups. Table 5 . Serum levels of ET-1 (endothelin-1), CGRP (calcium gene-related peptide), VEGF (vascular endothelial growth factor) and E-selectin in L-NNA-induced hypertensive rats. 
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ET-1 (pg/mL) CGRP (pg/mL) VEGF (pg/mL) E-selectin (ng/mL)
mRNA Expression of Myocardial Tissue
As shown in Figure 6 , OPO could increase HO-1 mRNA expression and reduce ADM and RAMP2 expression in myocardial tissue of rats relative to the expression levels in rats in the control group, and the high dose of OPO (OPO-H) showed a greater effect than that observed with the low dose of OPO (OPO-L); the effects of OPO-H were only slightly weaker than those of the drug containing captopril. However, limonene had almost no effect on hypertensive rats (relative to the control group). 
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As shown in Table 5 , the rats in the normal group had the highest CGRP levels and the lowest ET-1, VEGF and E-selectin levels, and the levels of these compounds in captopril-treated rats were similar to those of the rats in the normal group; there were no significant differences (p > 0.05) between these values in the two groups of rats. Meanwhile, the CGRP levels in OPO-H-treated rats were higher than those in the OPO-L-treated rats, the limonene-treated rats and the rats in the control group; the ET-1, VEGF, E-selectin levels in OPO-H-treated rats were similar to those of the captopril-treated rats, but lower than those of the rats in the OPO-L, limonene and control groups. 
mRNA Expression of Myocardial Tissue
As shown in Figure 6 , OPO could increase HO-1 mRNA expression and reduce ADM and RAMP2 expression in myocardial tissue of rats relative to the expression levels in rats in the control group, and the high dose of OPO (OPO-H) showed a greater effect than that observed with the low dose of OPO (OPO-L); the effects of OPO-H were only slightly weaker than those of the drug containing captopril. However, limonene had almost no effect on hypertensive rats (relative to the control group). As shown in Figure 7 , the rats in the normal group had the highest levels of nNOS and eNOS expression and the lowest level of iNOS expression in myocardial tissue, but the rats in the control group had the lowest levels of nNOS and eNOS expression and highest level of iNOS expression. OPO-H-treated rats also had higher levels of nNOS and eNOS expression and lower levels of iNOS expression than limonene-treated rats, OPO-L-treated rats and rats in the control group, but they had lower expression levels than captopril-treated rats and rats in the normal group. The iNOS expression in OPO-H-treated rats was lower than those in limonene-treated rats, OPO-L-treated rats and the rats in the control group.
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As shown in Figure 7 , the rats in the normal group had the highest levels of nNOS and eNOS expression and the lowest level of iNOS expression in myocardial tissue, but the rats in the control group had the lowest levels of nNOS and eNOS expression and highest level of iNOS expression. OPO-H-treated rats also had higher levels of nNOS and eNOS expression and lower levels of iNOS expression than limonene-treated rats, OPO-L-treated rats and rats in the control group, but they had lower expression levels than captopril-treated rats and rats in the normal group. The iNOS expression in OPO-H-treated rats was lower than those in limonene-treated rats, OPO-L-treated rats and the rats in the control group. Figure 7 . mRNA expression levels of nNOS, eNOS and iNOS in rat myocardial tissue. For each group, n = 10 rats. a-e Bars with different letters in the chart are significantly different (p < 0.05) according to Duncan's multiple range test, and the same letter indicates that the values are not significantly different. OPO-L, orange peel oil low dose, 5 mL/kg bodyweight (bw); OPO-H, orange peel oil high dose, 10 mL/kg bw; captopril, 15.6 mg/kg bw; and limonene, 10 mL/kg bw.
Protein Expression in Myocardial Tissue
As shown in Figure 8 , the levels of nNOS, eNOS and iNOS protein expression in the myocardial tissue of OPO-H-treated rats showed the same trends as were seen for nNOS, eNOS and iNOS mRNA expression in OPO-H-treated rats. The levels of nNOS and eNOS protein expression in the myocardial tissue of OPO-H-treated rats were higher than those of limonene-treated rats, OPO-L-treated rats and rats in the control group, but the iNOS protein expression in OPO-H-treated rats was lower than those of the limonene-treated rats, OPO-L-treated rats and the rats in the control group. 
As shown in Figure 8 , the levels of nNOS, eNOS and iNOS protein expression in the myocardial tissue of OPO-H-treated rats showed the same trends as were seen for nNOS, eNOS and iNOS mRNA expression in OPO-H-treated rats. The levels of nNOS and eNOS protein expression in the myocardial tissue of OPO-H-treated rats were higher than those of limonene-treated rats, OPO-L-treated rats and rats in the control group, but the iNOS protein expression in OPO-H-treated rats was lower than those of the limonene-treated rats, OPO-L-treated rats and the rats in the control group. As shown in Figure 7 , the rats in the normal group had the highest levels of nNOS and eNOS expression and the lowest level of iNOS expression in myocardial tissue, but the rats in the control group had the lowest levels of nNOS and eNOS expression and highest level of iNOS expression. OPO-H-treated rats also had higher levels of nNOS and eNOS expression and lower levels of iNOS expression than limonene-treated rats, OPO-L-treated rats and rats in the control group, but they had lower expression levels than captopril-treated rats and rats in the normal group. The iNOS expression in OPO-H-treated rats was lower than those in limonene-treated rats, OPO-L-treated rats and the rats in the control group. Figure 7 . mRNA expression levels of nNOS, eNOS and iNOS in rat myocardial tissue. For each group, n = 10 rats. a-e Bars with different letters in the chart are significantly different (p < 0.05) according to Duncan's multiple range test, and the same letter indicates that the values are not significantly different. OPO-L, orange peel oil low dose, 5 mL/kg bodyweight (bw); OPO-H, orange peel oil high dose, 10 mL/kg bw; captopril, 15.6 mg/kg bw; and limonene, 10 mL/kg bw.
Discussion
The pathogenesis of hypertension mainly involves dysfunction of the liver, kidney, heart and spleen, which cause imbalances in the body [21] . By restoring the immune function of the body and regulating the function of the viscera, hypertension can be relieved. Functional foods can reduce pain, fix hormone imbalance and repair blood, blood vessels and human gene damage in patients with hypertension [22] . Therefore, dietary therapy is used to promote blood circulation, regulate blood lipids, soften blood vessels, restore blood pressure regulation mechanisms, repair human gene defects and reduce the side effects of hypertension treatment [23] .
ET-1 has the strongest and longest lasting effect of any vasoconstrictor peptide. It is also a strong promoter and driving factor behind cell proliferation. It can cause vascular smooth muscle hyperplasia and hypertrophy and promote proliferation and stenosis of the vascular wall [24] . CGRP is the most powerful vasodilator peptide in the body. It has been found that plasma CGRP levels in patients with essential hypertension are significantly lower than those of persons without hypertension, and thus, it is considered an important cause of hypertension [25] . CGRP also promotes NOS activity and the formation of NO in vascular smooth muscle cells, and its vasodilation mechanism involves NO. Low plasma CGRP secretion in patients with essential hypertension decreases the NOS activity and the content of NO and increases blood pressure [26] . VEGF, a glycosylated secretory polypeptide, is known to have the most direct angiogenic activity of any protein, and it is a mitogen and angiogenic factor, vascular endothelial cell-specific, selective enhancer of vascular endothelial cells, stimulator of endothelial cell proliferation and angiogenesis and increases vascular permeability and other biological functions [27] . The level of serum VEGF in patients with hypertension was significantly higher than that in persons without hypertension. This difference is due to local ischemia and hypoxia in the tissues of patients with hypertension. The ubiquity of ischemia and other cytokines is the main reason for increased serum VEGF levels in patients with hypertension [28] . E-selectin has endothelial specificity; therefore, the soluble E-selectin in peripheral blood can be used as a specific indicator of endothelial cell activation. The level of serum-soluble E-selectin in patients with hypertension is significantly increased, which is an indicator of vascular endothelial cell activation induced by hypertension [29] . E-selectin can mediate leukocyte adhesion. Leukocytes release chemical mediators that further damage vascular endothelial cells, resulting in degeneration, necrosis and abscission of endothelial cells and ultimately causing arteriosclerosis, stenosis and deformation of the arterial wall [30] . From the results in this study, OPO can alter these levels to inhibit hypertension, and these results are consistent with those of previous studies.
ROS plays an important role in the occurrence of hypertension. The increase in blood pressure is often accompanied by enhanced oxidative stress. Studies have shown that the occurrence and development of hypertension is closely related to oxidative stress, and free radical-induced injury is involved in the occurrence and development of hypertension [31] . MDA is a decomposition product of various unsaturated fatty acids that can serve as an indirect measure of the metabolism of oxygen free radicals in the body. Its content reflects the severity of free radical attack on cells. The results showed that the MDA content was lower in patients with hypertension and hypertensive ischemic stroke [32] . OPO could decrease MDA activity, thus reducing hypertension.
In pathophysiological studies, HO-1 can be induced by oxidative damage. The antioxidant environment induced by HO-1 is mainly due to its ability to degrade hemoglobin and increase the bilirubin level. HO-1 plays an important role in protecting the cardiovascular system. HO-1 protects endothelial cells and cardiomyocytes as an antioxidant [33] . HO-1 also directly inhibits cardiomyocyte hypertrophy and reduces the ratio of left ventricular weight to body weight. At the same time, the antihypertensive effect of HO-1 is also related to its ability to improve endothelial cell function [34] . The level of plasma ADM in patients with hypertension is higher than that of persons without hypertension. The mRNA of ADM and RAMP2 in rats with myocardial infarction and heart failure increased in both atrial and ventricular muscle. The mRNA levels of ADM and RAMP2 in infarcted and non-infarcted myocardium increased. In some disease states, such as shock, congestive heart failure and obstructive nephropathy, the expression levels of ADM and RAMP2 genes can be upregulated to different degrees in cardiovascular tissue, which plays an important compensatory protective role in the cardiovascular system [35] . Further studies have also showed that the expression levels of ADM and RAMP2 mRNA in heart and blood vessels of hypertensive rats were significantly higher than those in rats without hypertension, and similar results were obtained in this study [36] .
NO is an effective vasodilator that can maintain normal tension in the blood vessels. The enzyme that catalyses the biosynthesis of NO is called NOS, and it is divided into nNOS, eNOS and iNOS based on the cell or tissue source of the prototype enzyme [37] . When hypertension occurs with decreasing NOS, vascular-dependent hypertension, the endothelial relaxant response becomes weaker. In the normal physiological state of the body, iNOS is generally not expressed, but cNOS (eNOS and nNOS) in endothelial cells continuously synthesizes a small amount of NO to regulate vascular tension and blood pressure [38] . Exposure to an endotoxin in pathological conditions involving various cytokines can induce the production of macrophages and iNOS gene expression in white blood cells; as a result, NO is produced to inhibit endotoxin and cytokines, and its hypotensive effect is strong and is involved in the pathological process [39] . NO produced by eNOS relaxes blood vessels, inhibits proliferation of vascular smooth muscle cells, inhibits platelet aggregation and maintains normal vascular tension and arterial blood pressure. However, in hypertension, atherosclerosis and other pathological conditions, the NO produced by eNOS cannot maintain the normal tension of blood vessels on its own; iNOS can activate and produce relatively large amounts of NO, so blood pressure does not increase malignancy [40, 41] . In this study, OPO could also increase nNOS and eNOS expression levels and reduce iNOS expression in hypertensive rats.
Citrus juice consumption in China has been increasing, and juice processing generates millions of tons of peel every year. Citrus peel has long been recognized as a rich source of flavonoids that are important to human health and nutrition. Several studies have reported the effects of different flavonoids or peel phenolic extract on hypertension. Short-term and long-term administration of hesperidin and glucosyl hesperidin showed hypotensive effects on spontaneous hypertensive rats, and this effect was associated with nitric oxide-mediated vasodilation [42, 43] . The phenolic extract from grapefruit peels was shown to inhibit α-amylase-, α-glucosidase-and angiotensin-I-converting enzymes in a dose-dependent manner [44] . In another study, a grapefruit peel extract was able to decrease coronary vascular resistance and the mean arterial pressure in a Langendorff isolated and perfused heart model [45] . Nevertheless, most of these studies used raw extract of citrus peel. In this study, the prophylactic effect of cold-pressed peel oil of long-leaf orange on hypertension was studied. Because of the hydrophobicity, the composition of the oil is much simpler than that of the whole peel extract; HPLC analysis showed that most of the non-volatile bioactive components were polymethoxyflavones. Thus, it is highly probable that the hypotensive effect of the long-leaf orange cold-pressed peel oil is related to the constituent PMFs (Figure 9 ). protective role in the cardiovascular system [35] . Further studies have also showed that the expression levels of ADM and RAMP2 mRNA in heart and blood vessels of hypertensive rats were significantly higher than those in rats without hypertension, and similar results were obtained in this study [36] . NO is an effective vasodilator that can maintain normal tension in the blood vessels. The enzyme that catalyses the biosynthesis of NO is called NOS, and it is divided into nNOS, eNOS and iNOS based on the cell or tissue source of the prototype enzyme [37] . When hypertension occurs with decreasing NOS, vascular-dependent hypertension, the endothelial relaxant response becomes weaker. In the normal physiological state of the body, iNOS is generally not expressed, but cNOS (eNOS and nNOS) in endothelial cells continuously synthesizes a small amount of NO to regulate vascular tension and blood pressure [38] . Exposure to an endotoxin in pathological conditions involving various cytokines can induce the production of macrophages and iNOS gene expression in white blood cells; as a result, NO is produced to inhibit endotoxin and cytokines, and its hypotensive effect is strong and is involved in the pathological process [39] . NO produced by eNOS relaxes blood vessels, inhibits proliferation of vascular smooth muscle cells, inhibits platelet aggregation and maintains normal vascular tension and arterial blood pressure. However, in hypertension, atherosclerosis and other pathological conditions, the NO produced by eNOS cannot maintain the normal tension of blood vessels on its own; iNOS can activate and produce relatively large amounts of NO, so blood pressure does not increase malignancy [40, 41] . In this study, OPO could also increase nNOS and eNOS expression levels and reduce iNOS expression in hypertensive rats.
Citrus juice consumption in China has been increasing, and juice processing generates millions of tons of peel every year. Citrus peel has long been recognized as a rich source of flavonoids that are important to human health and nutrition. Several studies have reported the effects of different flavonoids or peel phenolic extract on hypertension. Short-term and long-term administration of hesperidin and glucosyl hesperidin showed hypotensive effects on spontaneous hypertensive rats, and this effect was associated with nitric oxide-mediated vasodilation [42, 43] . The phenolic extract from grapefruit peels was shown to inhibit α-amylase-, α-glucosidase-and angiotensin-I-converting enzymes in a dose-dependent manner [44] . In another study, a grapefruit peel extract was able to decrease coronary vascular resistance and the mean arterial pressure in a Langendorff isolated and perfused heart model [45] . Nevertheless, most of these studies used raw extract of citrus peel. In this study, the prophylactic effect of cold-pressed peel oil of long-leaf orange on hypertension was studied. Because of the hydrophobicity, the composition of the oil is much simpler than that of the whole peel extract; HPLC analysis showed that most of the non-volatile bioactive components were polymethoxyflavones. Thus, it is highly probable that the hypotensive effect of the long-leaf orange cold-pressed peel oil is related to the constituent PMFs ( Figure 9 ). 
Conclusions
In the present study, HPLC analysis showed that the OPO of long-leaf orange contained eight components, namely sinensetin, hexamethoxyflavone, tetramethyl-O-isoscutellarein, nobiletin, tetramethyl-O-scutellarein, heptamethoxyflavone, 5-demethylnobiletin and tangeretin. OPO could decrease the SP and DP of hypertensive rats. OPO could also increase the NO contents and reduce MDA contents in serum, heart, liver and kidney of hypertensive rats. After OPO treatment, the ET-1, VEGF and E-selectin serum levels were decreased, and the CGRP level was increased. Based on additional experiments, OPO could upregulate nNOS and eNOS mRNA and protein expression and upregulate HO-1 mRNA expression. Meanwhile, OPO could downregulate ADM and RAMP2 mRNA expression. From these results, OPO shows good antihypertensive effects, and the high dose of OPO, 10 mL/kg bw, showed more pronounced effects.
